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TITLE: AN INNOVATIVE METHOD OF HARD MASK REMOVAL 



Technical Field of the Invention 

The present invention relates generally to semiconductor device manufacturing 
and more particularly to methods of removing hard masks. 



5 Background of the Invention 

In the semiconductor industry, there is a continuing trend toward high device 
densities. To achieve these high device densities, small features on semiconductor 
wafers are required. These may include the width and spacing of interconnecting 
lines, spacing and diameter of contact holes, and spacing and width of doped regions 

10 of a substrate, such as regions that form buried bit lines in a memory array. 

High resolution lithographic processes are used to achieve small features. In 
general, lithography refers to processes for pattern transfer between various media. In 
lithography for integrated circuit fabrication, a silicon slice, the wafer, is coated 
uniformly with a radiation-sensitive film, the resist. The film is selectively exposed 

15 with radiation (such as visible light, ultraviolet light, x-rays, or an electron beam) 

through an intervening master template, the mask or reticle, forming a particular 
pattern. Exposed areas of the coating become either more or less soluble than the 
unexposed areas, depending on the type of coating, in a particular solvent developer. 
The more soluble areas are removed with the developer in a developing step. The less 

20 soluble areas remain on the silicon wafer, forming a patterned resist. The pattern of 

the resist corresponds to the image, or negative image, of the reticle. 

The resist pattern is generally used as a mask for an etch process wherein the 
resist pattern is transferred to an underlying layer. In some cases, the resist is not 
sufficiently durable to survive the conditions required to etch the layer in which the 

25 pattern is desired. In such cases, the resist pattern is first transferred to an 

intermediate layer, which is referred to as a hard mask. The hard mask is etched using 
the resist as a pattern. The resist is then stripped and another etch process is used to 



1 



Docket No. AF01159 

transfer the pattern to a layer beneath the hard mask. Finally, the hard mask is 
stripped. 

For example, polysilicon layers are generally patterned using a hard mask. 
The hard mask is typically silicon nitride (SiN) or silicon oxynitride (SiON) and can 
5 function as a bottom anti-reflective coating (BARC) that facilitates the lithographic 

process. The resist is formed over the hard mask and lithographically patterned. The 
pattern is transferred from the resist to the hard mask by plasma etching, using CF 4 , 
for example. After stripping the resist, the pattern is transferred from the hard mask to 
the polysilicon by etching with Cl 2 and HBr. The hard mask is then removed, 
1 0 typically with phosphoric acid. 

A difficulty with the forgoing process is that the hard mask strip with 
phosphoric acid has a tendency to damage the polysilicon layer. Removal of the 
hardmask by plasma etching has also been considered, but plasma etching tends to 
gauge oxide layers where they are exposed within the pattern gaps of the polysilicon 
15 layer. There is an unsatisfied need for methods of removing hard masks while 

minimizing damage to polysilicon and oxide structures. 

Summary of the Invention 

The following presents a simplified summary of the invention in order to 
provide a basic understanding of some of its aspects. This summary is not an 

10 extensive overview of the invention and is intended neither to identify key or critical 

elements of the invention nor to delineate its scope. The primary purpose of this 
summary is to present some concepts of the invention in a simplified form as a 
prelude to the more detailed description that is presented later. 

One aspect of the invention relates to a method of removing a hard mask from 

5 a surface, especially a silicon surface. The hard mask is removed by first applying a 

sacrificial coating and then plasma etching. The sacrificial material fills pattern gaps 
formed using the hard mask and protects insulators, such as oxides, within those 
pattern gaps. The sacrificial material is removed together with the hard mask by the 
plasma etching. The invention provides a process for removing hard masks from 
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silicon layers without significantly damaging either the silicon or any exposed oxides 
and can be applied in a variety of integrated circuit device manufacturing processes, 
such as patterning the floating gate layer of a flash memory device. 

Other advantages and novel features of the invention will become apparent 
5 from the following detailed description of the invention and the accompanying 

drawings. The detailed description of the invention and drawings provide exemplary 
embodiments of the invention. These exemplary embodiments are indicative of but a 
few of the various ways in which the principles of the invention can be employed. 



Brief Description of the Drawings 

10 Figure 1 is a flow chart of a process according to one aspect of the present 

invention. 

Figure 2 is a schematic illustration of a substrate to which a process of the 
invention can be applied. 

Figure 3 is a schematic illustration of the substrate of Figure 2 after coating 
1 5 with a sacrificial material. 

Figure 4 is a schematic illustration of the substrate of Figure 3 after plasma 
etching has exposed a portion of the hard mask. 

Figure 5 is a schematic illustration of the substrate of Figure 4 after plasma 
etching has removed the hard mask. 
20 Figure 6 is a schematic illustration of the substrate of Figure 5 after plasma 

etching has removed the sacrificial material. 



Detailed Description of the Invention 

The present invention will now be described with reference to the drawings. 
Figure 1 is a flow chart of a process 100 for stripping a hard mask according to one 
25 aspect of the present invention. Process 100 is applicable to a variety of integrated 

circuit device manufacturing processes. For example, in the formation of floating gate 
flash memory devices it is common to form field oxide islands on a silicon wafer, 
form a thin gate oxide layer over the wafer, coat the wafer with polysilicon, and then 
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pattern the polysilicon. The polysilicon is patterned subsequently using a hard mask 
and the process 100 can be employed to strip the hard mask without unduly damaging 
either the polysilicon or the field oxide, which is exposed in places by gaps patterned 
into the polysilicon. 

5 Process 100 includes action 101, coating the substrate, including a hard mask, 

with a sacrificial material, and action 103, plasma etching to remove the hard mask 
and at least that portion of the sacrificial material that covers the hard mask. The 
sacrificial material etches at a rate that is comparable to the etch rate for the hard 
mask, whereby the sacrificial material substantially protects material within the gaps 
10 as the hard mask is being stripped. 

The substrate generally comprises a semiconductor, which is typically silicon. 
Examples of other semiconductors include GaAs and InP. In addition to a 
semiconducting material, the substrate may include various elements therein and/or 
layers thereon. These can include metal layers, barrier layers, dielectric layers, device 

15 structures, active elements and passive elements including silicon gates, word lines, 

source regions, drain regions, bit lines, bases emitters, collectors, conductive lines, 
conductive vias, etc. 

The hard mask is formed over a layer or bulk portion of the substrate that is to 
be patterned. Generally, the layer or bulk portion of the substrate contains silicon. 

20 The silicon can be single crystal silicon, amorphous silicon, or polysilicon. The 

silicon can be doped n-type or p-type or un-doped. An underlying insulating material 
is exposed within gaps in the hard mask (after the hard mask has been patterned) 
where the underlying layer has either been etched into or through. In one 
embodiment, the insulating material is exposed by etching through a silicon- 

25 containing layer using the hard mask. In another embodiment, the insulating material 

is provided in trenches etched into a silicon-containing layer or bulk portion of the 
substrate using the hard mask. 

The pattern gaps can be of any suitable size or shape. In one embodiment, the 
pattern includes gaps having widths within the range from about from .1 to about 100 

30 |im. In another embodiment, the pattern includes gaps having widths within the range 
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from about from .18 to about 10 \im. In a further embodiment, the pattern includes 
gaps having widths within the range from about from .25 to about 1 \xm. 

Generally, the insulating material is an oxide. The oxide can be silicon oxide 
or TEOS or high density plasma oxide (HDP). The oxide can be formed, for example, 
5 by oxidizing a silicon substrate or by CVD. The oxide is usually of a type that is 

susceptible to gouging under plasma etching conditions that would be effective for 
removing the hard mask. 

The hard mask has a composition and thickness suitable for its function of 
masking the underlying layer during a pattern transfer process. In one embodiment, 

10 the hard mask is from about 100 to about 10,000 Angstroms thick. In another 

embodiment, the hard mask is from about 200 to about 2,500 Angstroms thick. In a 
further embodiment, the hard mask is from about 300 to about 1,000 Angstroms thick. 
Examples of hard mask materials are compositions that include nitrides and 
compositions that include silicon carbide (SiC). Examples of nitrides include silicon 

15 nitride (SiN), which can be silicon rich or nitrogen rich, silicon oxynitride (SiON), 

which can be silicon rich, oxygen rich, or nitrogen rich, titanium nitride (TiN), and 
titanium oxynitride (TiON). The hard mask can be deposited by any suitable method, 
including, for example, sputter deposition. 

Action 101 of Fig. 1 is coating the substrate with a sacrificial material. The 

20 sacrificial material covers the patterned hard mask and fills the pattern gaps. The 

sacrificial material can be applied by any suitable method: spin-coating, for example. 
In one embodiment, the sacrificial material is from about 100 to about 10,000 
Angstroms thick. In another embodiment, the sacrificial material is from about 200 to 
about 2,500 Angstroms thick. In a further embodiment, the sacrificial material is from 

25 about 300 to about 1,000 Angstroms thick. 

The sacrificial material is selected to etch at a similar rate to the hard mask. In 
one embodiment, the ratio of the sacrificial material etch rate to that of the hard mask 
under the conditions used to remove the hard mask is from about 2: 1 to about 1:3. In 
another embodiment, the ratio is from about 1.5:1 to about 1:2. In a further 

30 embodiment, the ratio is from about 1:1 to about 1:1.5. 
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Examples of suitable sacrificial materials include photoresists and organic 
bottom anti-reflective coating (BARC) materials. Examples of photoresists include 
novalacs, poly-t-butoxycarbonyloxystyrenes (PBOCOS), polymethylmethacrylates 
(PMMA), poly(olephin sulfones) (POS), and poly(methyl isophenyl ketones) 
5 (PMIPK). Examples of organic BARC materials include polyimides, polysulfones, 

and propylene glycol monomethyl ether. The sacrificial material can also be an 
inorganic BARC material and can be the same material, or type of material, used to 
form the hard mask. It is, however, advantageous if the sacrificial material can be 
spin-coated on the substrate. It is also advantageous if the sacrificial material can be 

10 easily cleaned from the substrate. Generally, photoresists and organic BARC 

materials can be spin-coated on the substrate and easily cleaned. A spin-copted 
sacrificial material is generally baked after deposition, typically at a temperature from 
about 1 10 to about 140 °C, whereby the surface is planarized. 

The hard mask and the sacrificial material overlying the patterned hard mask 

15 are removed over the course of action 1 03, which is plasma etching. Generally, all of 

the sacrificial material is removed by plasma etching, although it is possible to remove 
sacrificial material remaining in the pattern gaps after stripping the hard mask by 
another operation. 

Any suitable chemistry can be employed for plasma etching the sacrificial 
20 material and the hard mask. Typically, a fluorine chemistry is used, for example, 

CHF 3 / 0 2 or CH 3 F / 0 2 . In one embodiment, the chemistry provides a selectivity for 
the hard mask material as compared to an underlying silicon material of at least about 
5: 1 . In another embodiment, the selectivity is at least about 10:1. In a further 
embodiment, the selectivity is at least about 15:1. 
25 Figure 2-6 provide an example of a process according to the present invention. 

Figure 2 is a schematic illustration of a substrate 200 at the beginning of the process. 
The substrate 200 includes a silicon wafer 201, field oxide islands 203, a polysilicon 
layer 205, and a hard mask 207. Gaps 209 have been patterned through the 
polysilicon layer 205 using the hard mask 207. The field oxide islands 203 are 
30 partially exposed within the gaps 209. 
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Figure 3 illustrates the substrate 200 after coating with a sacrificial material 
21 1, as in action 101. The sacrificial material 211 fills the gaps 209 and covers the 
hard mask 207. As a result of spin-coating and baking, the sacrificial material 21 1 has 
a relatively level top surface. 
5 Figure 4 illustrates the substrate 200 after the start of plasma etching, as in 

action 103. At the point illustrated in Figure 4, plasma etching has entirely removed a 
portion of the sacrificial material 211 and exposed the hard mask 207 in places 
illustrated generally at reference numeral 210. The top surface of the substrate 200 is 
still planar at this point in the plasma etching process, but can subsequently develop 
10 slight variations due to differences between the etch rate for the sacrificial material 

21 1 and the hard mask 207. 
F f Z. Figure 5 illustrates the substrate 200 after plasma etching has progressed to the 

O point where the hard mask 207 has been removed entirely. Some of the sacrificial 

if! material 211 still remains in the gaps 209. The depth of the sacrificial material in the 

^ 15 gaps 209 at the point where the hard mask 207 is removed entirely depends on the 

= P relative etch rates of the sacrificial material 21 1 and the hard mask 207. The 

U remaining sacrificial material can be left in the gaps 209 or can be stripped with a 

lj solvent, however, it is more common to continue plasma etching until all of the 

^ sacrificial material has been removed. 

L ?ss j 

H 20 Figure 6 illustrates the substrate 200 after plasma etching has removed entirely 

the sacrificial material 21 1 in addition to the hard mask 207. Some gouging of the 
field oxide islands 203 can occur during plasma etching, but this gouging can be kept 
to a minimum by timing the plasma etching process or monitoring the progress of the 
plasma etching process. The extent of gouging can be kept to less than about 10% of 
25 the extent of gouging that would occur if the hard mask were removed by plasma 

etching without the use of the sacrificial material 211. 

Note that in one prior art hard mask removal methodology, a wet etch solution 
is used to remove the hard mask, and although the wet etch is relatively gentle to an 
exposed oxide material {e.g., in the hard mask gaps), the wet etchant causes 
30 substantial damage to the underlying silicon layer {e.g., polysilicon) once the hard 
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mask is removed. Further, in another prior art hard mask removal method, use of a 
dry etch directly on the hard mask with the oxide exposed results in a substantial 
amount of damage to the oxide (e.g., gouging), since the oxide is exposed to the dry 
etch during the entire removal phase of the hard mask. 
5 In stark contrast to the prior art hard mask removal methods, the sacrificial 

layer 21 1 of the present invention provides protection for the oxide material within the 
gaps 209. Since the sacrificial layer 21 1 has an etch rate that is about the same as the 
patterned hard mask layer 207, once the hard mask is reached (e.g., Fig. 4) etching and 
removal of the differing materials (hard mask and sacrificial layer) occur at about the 

10 same rate. Thus when the hard mask layer is removed entirely, the oxide material 203 

in the gaps 209 is still covered and protected from the dry etch (see, e.g., Fig. 5). 
Consequently, even if the dry etch is continued to remove the remaining sacrificial 
material 21 1 in the gaps 209, an amount of time at which the oxide 203 is exposed to 
the dry etch is dramatically reduced because the dry etch is timed to end as soon as the 

15 sacrificial material 21 1 is removed fully. Thus oxide gouging is dramatically reduced 

as compared with prior art hard mask removal processes. Further, since the dry etch is 
substantially selective with respect to silicon, once the hard mask is removed, a 
subsequent removal of the remaining sacrificial layer in the gaps 209 may proceed 
without a substantial impact on the silicon layer. 

20 Although the invention has been shown and described with respect to certain 

embodiments, alterations and modifications providing equivalent structures and acts 
are likely to occur to those of ordinary skill in the art upon the reading and 
understanding this specification and the associated drawings. Such alterations and 
modifications are intended to fall within the scope of the present invention, unless 

25 expressly stated to the contrary. Components described in functional terms have 

structure and involve acts, unless otherwise indicated, corresponding to any of the 
devices and methods known to those of ordinary skill in the art to perform those 
functions, even though not equivalent to any of the structures and acts that perform 
those function in the exemplary embodiments of the invention. In addition, while a 

50 particular feature of the invention may have been disclosed with respect to only one of 
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several embodiments, such feature may be combined with one or more other features 
of the other embodiments as may be desired or advantageous for a given or particular 
application. 



